We have evaluated the genetic diversity of HIV-1 strains infecting injecting drug users (IDUs) in Lisbon, Portugal. Heteroduplex mobility assay and/or phylogenetic analysis revealed that env (C2V3C3 or gp41) subtype B is present in 63.7% of the 135 viral samples studied, followed by subtypes G (23.7%), A (6.7%), F (5.2%), and D (0.7%). Similar analysis of gag (p24/p7) performed on 91 of the specimens demonstrated that 49.5% of the infections were caused by subtype G viruses; other gag subtypes identified were B (39.5%), F (3.3%), A and D (1.1.% each), and the recombinant circulating form CRF02_AG (5.5%). Discordant env/gag subtypes were detected in 34.1% of the strains and may reflect the presence of dual infections and/or recombinant viruses. The presumptive B/G recombinant form was highly predominant (21 of 31). The genetic pattern of HIV-1 subtype B and G strains is suggestive of multiple introductions and recombination episodes and of a longstanding presence of both subtypes in the country. C2V3C3 amino acid sequences from IDU-derived subtype G viruses presented highly significant signatures, which distinguish the variants from this transmission group. The unusually high prevalence of subtype G sequences (34.1%), independent of the geographic origin of the infected individuals, makes this IDU HIV-1 epidemic unique.
I
NJECTING DRUG USERS (IDUs) form one of the major risk groups for HIV-1 infection in Portugal. In the period of 1997-2001, 62% of the reported AIDS cases were related to this transmission class 1 but, following the general trends in most Western European countries, the incidence of HIV-1 infection among Portuguese IDUs has started to decrease.
Phylogenetic analyses of HIV-1 isolates distributed worldwide showed, overall, 23 distinct HIV-1 subtypes (A-D, F-H, J, and K) and circulating recombinant forms (CRF01-14) within group M (HIV Sequence Database, http://hiv-web.lanl.gov/). These HIV-1 subtypes are geographically distributed nonrandomly, with subtype B being predominant in Europe and North America. We have reported multiple env HIV-1 subtypes circulating in Portugal, with a high prevalence of non-B subtypes, both in African and Portuguese individuals. 2 The aim of the present study was to investigate the genetic diversity of incident HIV-1 strains among IDUs living in Lisbon. From May 1999 through December 2000, after obtaining informed consent, blood samples were collected from 81 HIV-1 seropositive individuals attending three different drug addiction recovery centers and enrolled in a methadone therapy program. Seventy additional seropositive IDUs had been part of a previous broader surveillance study. 2 Among these 151 IDUs, the mean age was 31 years, ranging from 18 to 49 years; the great majority (88.1%) were of Portuguese nationality, and 29.1% were women. Proviral DNA from uncultured peripheral blood mononuclear cells was extracted and we proceeded to the analysis of the env C2V3C3 (nucleotides 6982-7246, based on HXB2) or the gp41 (nucleotides 7878-8282 of HXB2) regions by het-eroduplex mobility assay (HMA) and/or DNA sequencing followed by phylogenetic analysis. The same cellular lysates were used to amplify by polymerase chain reaction (PCR) a product of 464 bp in the p24-p7 region (nucleotides 1577-2040 of HXB2) for use in gag HMA. 3 The conditions for DNA extraction, nested PCR amplification, HMA, and DNA sequencing were as previously described. 2, 3 DNA and predicted protein sequences were aligned using CLUSTAL W software (available at http://www.ebi.ac.uk/clustalw/). Pairwise genetic distances were calculated with the Kimura two-parameter algorithm and tree topologies were inferred by the neighbor-joining method (using DNADIST) as implemented in the PHYLIP version 3.4 software package (available at http://bioweb.pasteur.fr). Phylogenetic trees were drawn with TREEVIEW 4 and their robustness was evaluated by bootstrap analysis of 1000 resamplings, using the SEQBOOT and CONSENSUS programs.
One hundred and thirty-five samples could be successfully amplified with C2V3C3-specific (n 5 124) or gp41-specific (n 5 11) primers, whereas 16 samples, despite repeated attempts, were not amplified in either region. HMA subtyping performed with the C2V3C3 amplification products revealed that 77 individuals were infected with HIV-1 subtype B, 30 with G, 7 with A, and 5 with F viral strains. On the basis of phylogenetic analysis, five samples with undetermined HMA profiles were subtyped as CRF02 AG (n 5 2), F (n 5 2), and D (n 5 1) (Fig. 1) . Nine additional individuals were found to be infected with subtype B viruses and two with G strains, as indicated by phylogenetic analysis of gp41 sequences (data not shown; DDBJ/EMBL/GenBank database accession numbers AJ318398A-AJ318400, AJ306161, AJ306162, AJ318404, and AJ429038-AJ429042). On the whole, the majority (63.7%) of the viral samples analyzed belong to subtype B and the remaining non-B specimens include viruses from env subtypes G (23.7%), A (6.7%), F (5.2%), and D (0.7%).
From the 135 HIV-1 samples previously subtyped for env, 91 (67.4%) were amplified for gag and the respective DNA products were used for HMA. Subtypes A, B, D, F, G, and CRF02_AG were identified unequivocally in 85 samples, using this approach. Six of the amplified fragments that could not be subtyped by gag HMA were sequenced and the viral subtype was inferred by phylogenetic analysis (data not shown; DDBJ/EMBL/GenBank database accession numbers AJ504457-AJ504462). Altogether, viral samples were classified for gag as subtypes G (49.5%), B (39.5%), CRF02_AG (5.5%), F (3.3%), A (1.1%), and D (1.1%). There was accordance between the env and gag subtypes in 60 samples (35 B/B, 22 G/G, 2 F/F, and 1 D/D). About one-third of the samples (31 of 91) showed discordant subtypes, suggesting the presence of recombinant viruses and/or dual infections. Table 1 describes the potential recombinant forms found and their relative frequency. B/G (env/gag) strains are the most prevalent (67.7%), and, at least to our knowledge, three putative new genetic forms were found with subtypes F/G, B/A (IbNG), and G/B. The env subtype A viruses also analyzed in gag (four of nine) were all identified as CRF02_A/G. All the double-subtyped env G strains, with one exception, were also classified as subtype G in gag. The high prevalence (24.2%) of potential nonrecombinant G viruses described in this work, as well as the env HIV-1 subtyping data for Portugal previously reported by us, 2 is suggestive of a Portuguese origin for most G recombinants circulating in the Iberian Peninsula. 5 Altogether, non-B viral sequences were identified in 46.0% of the genes analyzed, 74.0% of which belong to subtype G. Among the 121 specimens amplified from native Portuguese IDUs, 54.5% were of non-B subtype, either in gag or in env. Subtype distribution, B versus non-B and G versus non-G, was found to be independent of gender (x 2 test with the Yates correction, p . 0.01) and geographic origin (two-tailed Fisher exact test, p .
0.01).
A subset of the Portuguese IDU samples, including all subtype G and 28 randomly selected subtype B viruses, was chosen for further C2V3C3 DNA sequencing and phylogenetic analysis. Phylogenetic analysis (Fig. 1 ) demonstrated a 100% correlation with the previous HMA subtyping for subtype B viruses and confirmed subtyping of G strains with low-mobility heteroduplexes on HMA gels. The B subtype samples of Portuguese IDUs clustered with corresponding B reference sequences with a bootstrap value of 991. Three-quarters of the B sequences formed two major separate subclusters (I and II in Fig. 1 ), whereas the remaining sequences were distributed among the branches of the tree corresponding to the references. Each cluster, although supported by a relatively low bootstrap value (792 and 638 for clusters I and II, respectively), could be further substantiated by the presence of a distinct putative amino acid signature pattern (Fig. 2) . Within the major B subclusters three minor groups (samples PT5866i/ PT5549i/PT709, PT410/PT227/PT5192i, and PT446/PT594/ PT6068i) include highly related sequences. However, besides sample pair PT5549i/PT5866i, provided by individuals who live in close proximity, making needle sharing plausible, no epidemiological link could be established between these individuals. Samples PT4789i, PT2272i, and PT170 form a monophyletic group (bootstrap value of 963) with Spanish HIV-1 isolates (subcluster III in Fig. 1) described as B/G recombinants (CRF14_BG). 6 Their corresponding amino acid sequences share a four-amino acid signature pattern (group III in Fig. 2) ESTEVES ET AL. 512
FIG. 1.
Phylogenetic analysis of HIV-1 strains from Lisbon IDUs. The phylogenetic tree (neighbor joining) was constructed from alignments in which representative HIV-1 reference strains from groups M (subtypes A to K, as indicated), O (ANT70), and N (YBF30) were included and SIVcpzANT was regarded as the outgroup sequence. Genetic distance matrixes were calculated by the Kimura two-parameter method, based on 502 unambiguously aligned nucleotides covering the env C2V3C3 genome region. The DNA sequences described in this report are indicated in boldface, whereas those highlighted in gray represent G(gag)/B(env) recombinant viruses. In the G clade, the G P subgroup corresponds to the one previously described. 2 I, II, and III stand for different groups of clade B. Branch nodes supported by bootstrap values above 750 (of 1000 resamplings) are indicated. The scale bar represents 10% genetic diversity. The sequences were submitted to the DDBJ/EMBL/GenBank database under the following ac-cession numbers: AJ296217, AJ296219-AJ296221, AJ296224, AJ296226, AJ296227, AJ296233, AJ296236, AJ296239, AJ296-245, AJ296248, AJ296251, AJ296255, AJ296262, AJ296264, AJ318390, AJ318396, AJ428995-AJ429007, AJ429009-AJ429-034, AJ429036, AJ429037, and AJ504453-AJ504456. not found in the other B strains analyzed. The recombinant character of these viruses was confirmed by gag HMA. Other B/G recombinants (shaded in gray in Fig. 1 ) are distributed along the B cluster, suggesting the occurrence of multiple recombination episodes. This hypothesis is supported by the high value of mean nucleotide distance (12.6 6 3.2%, ranging from 3.1 to 17.3%) between the env sequences of B/G recombinants. Sample PT709 is env subtype B and gag subtype A. An A/B recombinant form (CRF03_AB) circulating among IDUs in Russia was previously described. 7, 8 However, the presently described A/B recombinant might be a different one because its env sequence clusters further apart from env reference sequences RU1152 and KAL68.1. As a whole, the branching pattern observed for subtype B sequences is suggestive of multiple B virus introductions into the Portuguese IDU population studied.
The interindividual heterogeneity of env subtype B specimens was on average 12.4 6 3.2% (1.2 to 19.9%) at the nucleotide level. Three synonymous nucleotide substitutions, GGC in the second glycine codon at the tip of the V3 loop, AGG and TCC at HIV-1 LAI env positions 834 and 837, have been associated with IDU subtype B viruses from Northern Europe, 9,10 the United States, 9 Greece, 11 and Switzerland. 12 Only 2 and 1 of the 28 B strains analyzed were GGC and TCC viruses, respectively. The silent substitution AGG was found in 12 of the 28 IDU B sequences analyzed (10 of them included in group I). However, three of seven B sequences from individuals with a reported heterosexual route of HIV-1 transmission also presented this mutation 2 (data not shown). These results indicate that the HIV-1 B epidemic among Portuguese IDUs was established from diverse sources, most probably as in other risk groups, some of them differing from the founder strains proposed for other Western European IDUs.
The phylogenetic tree in Fig. 1 shows that 29 subtype G viruses from Portuguese IDUs are assigned to a monophyletic cluster (bootstrap value of 961), enlarging the previously described G P group. 2 Only one G viral sequence (PT6123i) was found outside of the G P cluster, being placed among other G reference sequences. The genetic diversity of nucleotide sequences for subtype G viruses ranged from 2.2 to 23.4% (mean, 11.6 6 3.4%). Within the G P subcluster the mean distance was 11.0 6 2.6% (ranging from 2.2 to 18.9%). Assuming a comparable evolution rate for different HIV-1 subtypes [(6.7 6 2.1) 3 10 23 substitutions/site per year in V3 13 ], G strains might have been introduced more than a decade ago among Portuguese IDUs. About two-thirds of the G P viruses previously described 2 were found in individuals of African origin with reported heterosexual risk of transmission, and the Portuguese IDUs may have been infected from this group.
The predicted amino acid sequences of the env C2V3C3 region obtained for 28 subtype B strains, aligned with the B amino acid consensus, are presented in Fig. 2 . All isolates but three have cysteines at both ends of the V3 termini. Two sequences (PT695 and PT1104i) have V3 loops with 34 amino acids, in opposition to the more common 35-amino acid V3 length, because of a deletion corresponding to amino acid position 320 in HXB2. At the crown of the V3 loop, 4 different tetrameric sequences were found but the GPGR motif is conserved (24 of 27). Subtype B amino acid sequences could be assigned to three distinct groups (I, II, and III in Fig. 2) , with correspondent clusters I, II, and III in the phylogenetic tree of Fig. 1 , on the basis of statistically significant differences (two-tailed Fisher exact test, p , 0.001) in the frequency of nonsynonymous mutations (boxed in Fig. 2 ) between them. In addition, group I possesses one insertion (asparagine) at env codon 356 of HXB2 (x 2 test with the Yates correction, p , 0.001). These amino acid signatures are rarely found in published C2V3C3 sequences (HIV Sequence Database, http://hiv-web.lanl.gov/) and may reflect clonal dissemination of B strains from different point introductions. Figure 3 shows the deduced amino acid sequences of the C2V3C3 region from subtype G viruses infecting the IDUs studied (Fig. 3A) aligned with subtype G amino acid sequences from individuals, originating from the same geographic area, who were reported to have been infected heterosexually (Fig.  3B) and previously studied by us. 2 Both risk groups include G P and non-G P sequences. Within the IDU subtype G group, the prevalent crown tetrapeptide motif is GPGQ (28 of 30), which is the most common motif found in non-B subtypes.
14 The majority of the V3 loops contain 35 amino acid residues, although three samples possess 36 because of single insertions at Env positions 300 (PT2677i and PT5868i) and 308 (PT4632i) of HXB2, and one (PT037) has 37 amino acid residues because of a 2-amino acid insertion at the V3 tip. Nine noncontiguous amino acids identified (boxed in Fig. 3) as characteristics of the G P sequences were underrepresented, or not present at all, in the other G viral sequences (two-tailed Fisher exact test, p , 0.01) in both risk groups. Four of these amino acid signatures were already described 2 but the higher number of sequences analyzed in this study allowed us to establish new ones and also to define three silent substitutions (TTG, CTA, and TTA, HXB2 env codons 259, 261, and 369, respectively; two-tailed Fisher exact test, p , 0.001). In addition, the amino acid motif AKN (Env positions 281-283), and the three nonsynonymous substitutions V255I, E290K, and K337E (boxed and shaded in Fig.  3 ) were defined as signatures (x 2 test with the Yates correction; p , 0.01) for G amino acid sequences from the IDU group and considered atypical in the G sequences from the heterosexual group. These signatures have so far an unknown biological significance. Alternatively, they may be due to a founder effect of neutral alleles.
In conclusion, the HIV-1 epidemic in this Portuguese IDU group is quite distinct from those previously described for other ESTEVES ET AL. 514 and dashes correspond to gaps introduced to maintain the correct alignment. The subtype B consensus sequence (Cons.B) has been compiled from the HIV Sequence Database (http://hiv-web.lanl.gov/). The positions found to correspond to statistically significant amino acid signatures are included in rectangles, and were used to define groups I-III (the same as those indicated in Fig. 1 ). IDUs in Europe. 15 At least 46.0% of the HIV-1 gene sequences analyzed are derived from non-B viruses and the viral genetic diversity observed is no longer determined by the inclusion of African subjects, because there is no association between viral subtype distribution and geographic origin of the seropositive individuals. About three-quarters of the non-B strains have subtype G sequences and approximately half of those are potential recombinant forms. Subtype G nonrecombinant and recombinant forms were reported for IDUs in Galicia, Spain, but associated with much lower prevalences. 5 A longstanding presence of HIV-1 G strains in Portugal is suggested by the high values of interindividual genetic distances, close to those obtained for B viruses, and by the variety of genetic forms found. This hypothesis will be confirmed by retrospective epidemiological studies.
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